Abstract: We present the first experimental evidence of two-dimensional surface solitons at the interface between femtosecond laser-written square and hexagonal waveguide arrays in fused silica.
The propagation of nonlinear electromagnetic waves in the vicinity of interfaces between different materials is of great interest in various areas of physics, such as solid-state physics, plasmonics and acoustics. However, in the majority of systems the power threshold for the generation of such surface waves is severely high, preventing the experimental observation of these phenomena. However, it was theoretically predicted that the interface between a semi-infinite waveguide array and a uniform medium supports the formation of nonlinear surface waves at moderate power levels [1] , which has led to the observation of one-dimensional (1D) surface solitons in AlGaAs arrays [2] . Recently, also two-dimensional (2D) lattice interfaces were suggested to support nonlinear surface modes [3] . The experimental observation of such surface lattice solitons was accomplished in optically induced lattices in photorefractives [4] and fs-laser written arrays in fused silica [5] . Up to now, most experiments with surface solitons were conducted for interfaces between uniform and periodic media. But interfaces between two periodic materials are even more interesting, since nonlinear localization in the direct vicinity of such interfaces may result in the formation of more exotic surface states, as e.g. surface vortex solitons [6] . Here we pesent the first experimental observation of nonlinear surface waves at 2D interfaces between hexagonal and square waveguide arrays with equal or different refractive index modulation. Such lattice interface solitons exhibit a power threshold which is highly affected by the lattice topology and their modulation strength. Additionally, the solitons feature strongly asymmetric shapes, since the penetration of the light into the different media depends crucially on the periodicity, symmetry, and strength of the refractive index modulation. For the fabrication of the arrays we used the fs writing technique, which allows the fabrication of large and stable 2D waveguide structures [7] . Details of the writing procedure, which was performed using a Mira/RegA (Coherent) system can be found elsewhere [8] . A microscope image of one of our arrays can be found in Fig. 1(d) . Different intensity output patterns at an input peak power of 3.2 MW are depicted in Fig. 1 . The penetration of light across the interface to the other side strongly depends on the refractive index difference between the hexagonal and the square array parts. In Fig. 1(a) both arrays exhibit the same refractive index, while in Fig. 1(b) the index is higher in the square array and in Fig. 1(c) it is higher in the hexagonal array. This is supported by theoretical considerations, which was performed using the nonlinear Schrdinger equation for the dimensionless field amplitude q i ∂q ∂ξ + 1 2
where the longitudinal ξ and transverse η, ζ coordinates are scaled in terms of the diffraction length and input beam width r 0 , respectively. We assume a uniform effective focusing nonlinearity everywhere inside the sample, characterized by a nonlinear coefficient n 2 = 2.7 × 10 −20 m 2 /W . The parameter p describes the refractive index modulation inside the sample. For beams with a width r 0 = 10 µm at the wavelength λ = 800 nm, a value of p = 1 corresponds to a refractive index modulation depth of the order of 1.1 × 10 −4 . The enhanced light penetration into the region with higher refractive index is particular feature of light propagation at interfaces. In Fig. 2 , a sequence of subsequent output intensity distributions for increasing input peak powers is shown. Here, the hexagonal array had a stronger refractive index change than the square one and a waveguide in the first row of the square array was excited. For low a2566_1.pdf
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978-1-55752-859-9/08/$25.00 ©2008 IEEE d Fig. 1 . Comparison of different output intensity distributions for an input peak power of 3.2 MW. The excited waveguide is marked with a white circle. In (a) both arrays exhibit the same refractive index, while in (b) and (c) the index is higher in the square array and the hexagonal array, respectively. Top row -experiment, bottom row -theory. In (d) a microscope image of one array is shown. The waveguides which were excited in the square and the hexagonal part are marked with a red circle.
peak powers the light is almost completely confined to the square region [ Fig. 2(a) ]. The light starts to penetrate into the hexagonal region for increasing power [ Fig. 2 (b) and 2(c)] because the nonlinearity causes phase matching of both array sections. But for large enough input peak powers one can clearly observe a localization near the interface [Figs. 2(d) and 2(e)], so that finally an interface lattice soliton is formed [ Fig. 2(f) ]. The high accuracy of the used waveguide writing process is demonstrated by the almost perfect symmetry of the observed output pattern. In conclusion, we demonstrated the first experimental observation of 2D surface lattice solitons at the interface between fs laser-written square and hexagonal waveguide arrays. Our observations confirm that the penetration of the light into structure crucially depends on lattice symmetry, the difference of the refractive index of the two regions and the applied input power. Interfaces between waveguide arrays with different topologies constitute a sophisticated setting, which may find application in further investigations of surface waves at complex interfaces.
